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1. 碳纳米管促进合成气制低碳混合醇 Ni-Mo-K氧化物基催化剂的研究 
用课题组自制的 CNTs 作为载体，利用共沉淀-等体积浸渍法制备 CNTs 促进
的 Ni-Mo-K 氧化物基催化剂。实验结果显示，在 pH 为 6.7~7.0 制备的 Ni1Mo1K0.1- 
5%CNTs 的性能最优，在 4.0 MPa，563 K，GHSV(outlet)=6000 mL/(g·h)的条件下，
CO 转化率为 11.3%，总含氧产物选择性达 61.6%（不计 CO2），乙醇作为主要含
氧产物，选择性达到 21.6%（不计 CO2）。 




因是由于 HY 的添加，增加了催化剂的还原难度，使还原得到的 Cu 保持较小的
颗粒，有利于 Cu 粒子的分散，获得较大的比表面积，进而提高催化剂的加氢活
性；另外催化剂中浓度适宜的强酸位点有助于抑制副产物的形成。 
3. CO 加氢制低碳混合醇多功能催化剂的研发 
在双功能催化剂的基础上，依次混入丝光沸石（MOR）、CuZnAl（CZA）催
化剂构成多功能催化剂。实验结果表明，多功能催化剂的组成为 0.05gCZA- 
2.0gMORM24-0.2gCZA/HY 时性能最好，在 2.0 MPa，483 K，GHSV(outlet)=10000 





















Conversion of syngas to alcohols has been known since the 1930’s, but the study 
of fuel alternatives attracted attention only until the North American oil crisis of the 
late 1970’s. From the 1980’s to the present, researchers have made breakthroughs in 
the production of higher alcohols, however the selectivity of the products of is still 
low and methanol and hydrocarbons account for a high proportion of hydrogenation 
products. Development of high activity, high selectivity catalyst has become the 
bottlenecks of industrial application. In this paper, starting from multi-walled carbon 
nanotubes (CNTs) supported Ni-Mo-K oxide based catalysts, a new multi-functional 
catalyst was developed. The obtained progress in the present study was briefly 
described as follow. 
1. Development of CNTs promoted Ni-Mo-K oxide-based catalysts for higher 
alcohols from syngas 
With home-made “Herringbone-type” CNTs as support, a type of CNTs 
-supported Ni-Mo-K oxide-based catalysts for the preparation of higher alcohols from 
syngas were prepared by co-precipitation-impregnation method. The performance of 
CO hydrogenation of higher alcohols was evaluated on a pressurized fixed-bed 
continuous flow reaction system. The results show that Ni1Mo1K0.1-5%CNTs prepared 
at pH 6.7~7.0 have the best performance. Under the reaction conditions of 4.0 MPa, 
563 K, GHSV(outlet)=6000 mL/(g·h), the catalyst has a CO conversion of 11.3% and 
the selectivity of total oxygen-containing product was up to 61.6% (excluding CO2), 
where ethanol is the predominant oxygen-containing product with a selectivity of 21.6% 
(excluding CO2). 
2. Study on bi-functional catalyst for CO hydrogenation to dimethyl ether via 
methanol 
The bi-functional catalyst for the hydrogenation of CO to dimethyl ether is 
composed of hydrogenated and dehydrated component, wherein the different zeolites 
and the dosage of the used zeolite have marked effect on the performance of the 
















methanol. The experimental results show that the performance of CuZnAl/40%HY 
catalyst is the best. Because the addition of HY increases the difficulty of reduction of 
copper on the catalyst, the reduced Cu retains smaller particles, which is favorable for 
the dispersion of Cu particles and then resulted in large specific surface area.This is 
helpful to improve the hydrogenation activity of the catalyst. In addition, the acid 
strength of the strong acid sites on the catalyst surface is lower and the suitable acid 
concentration can inhibit the formation of by-products (hydrocarbons and CO2). 
3. Study on multi-functional catalysts for CO hydrogenation to higher alcohols 
On the basis of the bi-functional catalyst, the second (mordenite, MOR) and the 
third (CuZnAl) catalyst were added successively. Over the 0.05gCZA-2.0gMORM24- 
0.2gCZA/HY catalyst, under the reaction conditions of 2 MPa, 483 K, GHSV(outlet) 
=10000 mL/ (g·h) (with bi-functional catalyst CZA as the standard), the CO 
conversion of the catalyst was 8.2%, and the selectivity of ethanol in the 
hydrogenation product was 38.5%. The characterization of home-made MOR 
molecular sieves with different Si/Al ratios shows that we successfully constructed 
the required framework of the molecular sieve. The suitable molecular sieve surface 
area is favorable for the catalyst activity, the moderate Brönsted acid and the strong 
Brönsted acid is also benefit to the catalytic reactions. 
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第一章  绪论 
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世界煤炭储量足以满足未来 114 年的全球生产需要，远远高于石油（50.7 年）和
天然气（52.8 年），是当前发现的储采比最高的化石燃料。我国拥有丰富的煤炭











































合成气 H2/CO（v/v）比约为 1。 
1.2  低碳混合醇 

































1.2.2  低碳混合醇合成的工艺现状 
20 世纪初，已有学者研究从合成气直接催化合成低碳混合醇，经过多年的
不断探究，开发出了许多的工艺及技术，目前，国外具有代表性的的技术路线主
要有四种，表 1.1 中列出了这些工艺及其特点。 
 
表 1.1 国外低碳醇合成工艺技术概况[7,8] 
Table 1.1 Summary of abroad higher alcohols synthesis technology 

































从表 1.1 中的数据可以看出，MAS 工艺最成熟，其次是 IFP 工艺。但目前





















等方面来看，Octamix 工艺的开发周期相对较短一些[9]。除了围绕上述 4 种代表
性技术开展研究以外，还有合成气铑(Rh)基催化剂合成低碳醇、醋酸加氢制乙醇
技术、生物发酵法制乙醇技术等[10]。 
1.2.3  低碳混合醇合成反应热力学 
CO 加氢制低碳混合醇的反应非常复杂，除了有目标产物低碳混合醇外，还





2 32CO H CH OH   
(1-1) 
ΔG0=-113.791+0.2434T (1-2) 
 2 2 1 22 1n nnCO nH C H OH n H O     (1-3) 
ΔG0=-160.070n+46.279+(24.945n-0.600)×10-2T (1-4) 
  2 2 2 22 1 n nnCO n H C H nH O     (1-5) 
ΔG0=-160.070n+146.609+(24.945n-0.600)×10-2T (1-6) 
2 2 22 n nnCO nH C H nH O    (1-7) 
ΔG0=-160.070n+73.580+(24.945n-14.320)×10-2T (1-8) 
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